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I - STALLING CHARACTERISTICS AND AILERON EFFECTIVENESS
OF SEVERAL WING AND FLAP'ARRANGEMENTS
By S. R. Alexander end James C. Sivells-

SUMMARY

M investlgation was conducted In the Langley 1l9-foot
pressure tunnel to determine the atalling characteristics,
alleron effectliveness, gpd to a limited extent, the longi-

tudinal stablllity of a EE-scale model of thé XB-36 airplane.

The model was tested with the original wing-flap configu-~
ration and with several modifications to the outboard panels
end flep arrsngement. The modifications to the outboard
wing penels consisted of (1) the original panels with mid-
chord slots ahead of the allerons, and (2) a revised panel
which incorporgted changes in alrfoll sectlon, twist, plan
form, and alleron area. The flap arrangments lncluded full-
end partlial-span, slngle- and double-slotted confligurations.

With the original wing end the full-spen flap arrenge-
ment the model exhiblited unsatisfactory stalling charecter=-
istics, insufficlent aileron effectliveness, particularly
with fleps deflected, and longitudinal instabillity after
the stell with flaps deflected. " The slotted panels were.
better then the revised panels 'in improving the stalling
characteristics. None of the configurations tested, how-
ever, produced satlsfactory stalling characteristics.

The configuration with the revised panels exhibited.better
alleron effectiveness, which is attrlbuted meinly to the

increase in amileron area. With flaps deflected, the

greatest improvement in alleron effectiveness was reallzed
by changing the flep configuration from full span to
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partial spen. The use of partial-span, double-slotted
flaps produced a greater maximum lift coefficlent than

that obtalned with the other flep configurations but caused
e large change in trim 1lift coefficlent. The statlic longl-
tudinal instabllity after the stall experlenced by the
model with flaps deflected for teke~off and landing was
less severe with the modiflied outboard panels than with

the original wing.

INTRODUCTION

The Consolidated Vultee XB~36 airplane 1s a proposed
slx-engine, pus%?r-type, long-range bomber. Tests were

conducted on a -gcale model in the Langley 19-foot

pressure tunnel to determine the stabllity and control
characteristics of the slrpleme. In the course of this
Investigation, 1t was found that the stalling character=-
1stlcs of the model, in 1ts original confilgurstion, were
unsatisfactory. Beslides ceausing & loss in alleren effec-
tiveness near maximum 1ift, the stall was also accompanied
by longitudinal instabllity efter maximum 1lift was reached,
when the flaps were deflected for teke-off or landing.
Attempts to rectlfy these unsatisfactory conditions by the
use of mlidchord or leading-edge spoiler arrangements proved
inadequate. It waes therefore conslidered lnadvisable to
continue with the remalinder of the testing schedule until
some practical solution to this problem was secursd.

- In a further attempt.to improve the stelling character-
istics of the airplane, and thersby improve the alleron
effectiveness and langltudinal stebllity at high 1ift
coefficlents, i1t was decided to Investigate proposed modifi-
cations to the wing and flap arrengement. The manufacturer
proposed to incorporate midchord slots in the wing shead
of the allerons. This proposal would entail a minimum
chenge to the airplane design., The Langley leboretory
proposed to ellminate the outboard flaps, to change the
Inboard flaps from single-slotted to double-slotted fleps,
end to revise the -outboerd wing penels by .changing the
alrfoll section, twist, plen form, and alleron area,
Although 1t wes reslized that the greatest lmprovement
could be obtalned 1f the entlre wing was revised, the
revisions propased by the Langley laboratory.were restricted
to the outboard wing panels (from 62 percent .of the semi=
span to the wing tip) to facilitate changes to the alrplare
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design, These revisions were based upon the theoretical
anslysis given in the appendix.

a + 0

Subsequent investigation revedled that, although
both proposels produced some improvement, the slotted-
ranel configurstion could be materlelly improved through
elimination of the outboard flaps, Accordingly, this
configuration was further investigated wlth both single-
end double-slotted inboard flaps, end, in order to provide
conparative data, the NACA panel configuration was.also
tested with pertlal-spen, single-slotted fleps.

. This paper presents the results of stalling, alleron,
end some longltudinel steblllity tests of the original end

both modified wing panels, varlous flep and spoiler arrange-
ments, and full and modiflied flap-nacelle seels,

COEFFICIENTS AND SYMBOLS

The coefflclents and symbols used herein are defined
as followss

C;, lift ceefficlent, L/qS
Cp dreg coefficlent, D/qS
Cm pltching-moment coefflcient, M/qSc
C; rolling-moment coefficlemt, L'/qSb
P rate of change 7§c€olling-moment coefficient with
helix angle, —
Y21
2V
T, ' thrust coefficient, T/pv2D?
l1ift, pounds
draeg, pounds; diameter of propeiler, Toot

Ut

M pltching moment, foot-pounds
Lt rolling moment, foot-pounds
T effective thrust, pounds
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dynamic pressure of free stream, pv2 pounds pepr
square foet ' 2’
wing area, squere feet
mean eerodynamic chord (¥.A.C.), feét
wing spen, fe;t

pb/2V helix engle, radisns

P
\'
Vi
Vs

rolling veloclity, radlans per second
alrspeed, feet per second
Indicated alrspeed, miles per hour

indiceted alrspeed at maximum 1ift coefficient, miles
ver hour

mess density of alr, slugs per cublc foot
engle of atteck of root chord, degrees

partial-span, single slotted inboerd-flap deflection,
degrees

partial-span, balanced-split outboerd-flap deflection,
degrees

partial-span, double-slotted inboerd-flap deflectlon,
degrees

left aileron deflection, positive with trailling edge
down, degrees

elevetor deflection, posltive with tralling edge
down, degrees

test Reynolds number, pVc/p
Each number, V/Vc

coefficlent of viscoslty, pound seconds per square’
foot

speed of sound 1In air, fest per second
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. eg. . section 1lift coefflclent

y . spanwise location, percent of seﬁiéﬁan
W1 original wing

W, wing with slotted outboard panels

W3 wing with NACA revised outboard panels

MODEL AND TESTS

Model.~ The model (fig. 1), with the exception of
the wooden empennage and NACA duthoerd wing panels, was
basicelly of all metel construction. Block inserts con-
taining the slots (figs, 2 and 3) were incorporated in
the outboerd panels for the Wz configuration. This
outboard panel was replaced by the wooden NACA panel for
the tests of W5. The model was kept smooth by filling

surface 1rregularities with crack filler and glazing putty
and, in addition, the wing was sprayed with lacquer and
rubbed in a chordwise direction with number 40O cerbo-
rundum psper to provids an aerodynanicelly smooth surface.

Protuberances on the fuselags Included sighting
blisters, antennas for radio-electronlc devlices, and =2ir-
speed pltot-static masts.

A comperison of the physicel characteristics of the
wing configurations investigatea 18 given in teble I
end figures L and 5.. It should be noted that the additional
washout for wing Wz was obtained by twisting the wing

sections about the alleron hinge line..

All the fleps (figs. 5 and 6) were set manually by
the use of brackets constructsd to give the desired flap
deflection. Only the left allerons, which were of gonstant
chord (figs. 5 end 7), were deflected for the alleron tests.
These allerons were locked manually et the desired deflec-
tion and sesled by placing cellulose tape’ along the gap
on both the upper and lower surfaces,

The wing nacelles were constructed with alr passages
to allow for intermal air flow. Duct orifice pletes and
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plugs at the exits provided means for adjusting the air flow.
Totel and static pressure tubes were suitebly located in

the left Inboard and outboard nacelles for the mesesurement
of alr+flow quantitles. -

It should be noted that two horizontal tall planes
were installed on the model in the course of the investi-
gation. The original tsil, which had en area of L.95 square
feet and sn aspect ratlio of h.h9, was used during most of
the stelling and force tests of the original model. The
revised tall, which had an area of .99 square fest and
en espect ratlo of 5.50, wes used for the remalnder of the
tests. The stabilizer wes set at =79 to the wing-root
chord.

Tests.- The tests wére conducted in the Langley
19-foot pressure tunnel with the alr in the tunnel com-
pressed to sn absolute pressure of sbout 35 pounds per
square Inch. The model wes mounteq on the normal three-
support system (fig. 8) snd the aerodynamic forces end
moments were measured by meens of s.s8ix-component, slimule
taneously recording balance system.

With the exception of several stall investigations
made with the model propellers in operation, end force
tests to determine the effect of the spollers, the tests
presented hereln were conducted st a dynamic pressure of
approximately 100 pounds per square foot, with ths model
propellers removed. Thls velue of dynemic pressure
corresponds to & Reynolds number of ebout l,500,000 end
a Mach numbser of asbout 0.1l7. '

Wing W, was tested at a ' Reynolds number of sbout

2,500,000 with operating propellers. The power conditions
for full-scale operation were simulated in the wind tunnel
by metching the propellsr thrust coefficlent of the model
with that of the sglrplane at e given 1lift coefflclent.

The blade asngle was 21° at the 0.75 radlius station for

ell power-on tests. These power ratings were bssed on
sea=level conditions and on a maximum gross weight of
310,000 pounds. :

The nacells openings were adjJusted to give ‘average
values of entrance veloclity ratio and flow coefficient of
0.80 end 0.078, respectively. These values were selected
to simulate the nscelle alr flow for the full-scale air-~
plene when crulsing at 30,000 feet. The first tests made
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with the partial-span, double-slotted flaps deflected 50°
for landing resulted in & meximum 1lift .coefficient of 1.7l
Comperisén with the other model configurations tested made
it apparent that this flap configuration was not -an optimum
one. Tests made with the ‘flaeps deflected 55° resulted in
lower meximum 1lift coefficients. Therefore, changes Iin
flap gep, vene positlion, and flap posltlon appeared to be .
necessary, " Because of the model construction, it was not
feasible to change the flap or vene pesition. Conseguently,
in order to decreasse the flap gap, the flap-well lip was
extended 0,9l inch along the wing upper surface as shown
in figure 6. Tests of this arrangement showed satisfactory
increases in meximum 1lift at the lending-flsp deflectlons.
The 50© flaep deflectlon produced a slightly higher maximum
11ft at a higher angle of sttack than the..55° flap deflec-
tion. Hence, the 500 flep deflection, with the flap-well
lip extended, was used for all tests presented hereln in
which the double-slotted flaps were deflected for landing.

The basic model configurations tested are gilven in
table II.

RESULTS AND DISCUSSION

The results are presented in the form of standard
nondimensional coefficlents. The tare and interference
effects of the model-support struts were not obtalned for
all the configuretions, and therefore no corrections for
these effects were applied to the 1lift, drag, and pitching-
moment coefflclents. Jet-boundary and sir-flow misalinement
corrections were applied to the sngle of attack and the
drag coefficlent. The rolling-moment coefficients due to
deflection of the left alleron were corrected for- jet-
boundary interference and model snd tunnel asymmetry.

All coefficlents were based on the mean asrodynamic
chord and wing area of the actual wings. All moments werse
measured about the quarter-chord point of the mean aero-
dynemic chord of wing W; 8o that the slgpes of the

pltching-moment curves would not change for otherwise
similer model cbnfigurations.

In the course of the investigation, the original tall
plane was replaced by the revised tall plene. The test
results presented are for the revised tall except whare
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otherwlse noted. A list of the figures presented herein
1s given in table III and the results obtained from the
force tests are summarized in table IV. Included in

table IV are values for. W; based on the wing area of W;

to facllitate comparison at the same alrspeed end airplane
welght., Values of drag coefficlent ere given for a 1lift
coefficlent. of 0.4 (high-speed condition) and 0,8 (eruising
condition). ’ ,

Stalling Characteristics

The stalling characteristics of the several model
configurations were determined by the observation of tufts
attached to the upper surface of the wing at the 30-, 50-,
70+, end 90=percent wing=chord statiomns and spaced about
5 inches spenwlse. At every angle of attack at which the
flow pattern cheanged, sketches and moving-picture records
were obtained. All values of 1lift coefficlent presented
on the stell diegrems were obtelned with the tufts in
plece. The value of the data insofar as the determination
of the stalling characterlstics of the wing are concerned
will not be affected by the tall confliguration tested.

Wing Wy.- The stalling characteristics observed for

this model configuretion with flaps retracted and with
Fleps deflected for lendling are shown Iin flgure G. At

the Reynolds number of about 2,500,000 the model propellers
wers operated to glve zero thrust throughout the 1lift

range lnvestigated. At the Reynolds numbsr of 5,500,000,
the propellers were removed.

In generasl, the stall started at the tralling edge
of the wing adjacent to the outboard nacelles and progressed
outboard and forward. The inboard sections partially
stalled, In most cases, after the outboard panels- were
completely stalled., ' The rate of stell progresslon over
the outer wing panels eppsared to be mors rapld when the
fleps were deflected. These results Indlcated umsatis-
factory stall progression which, as will be shown 1later,
was accomparied by a loss of alleron effectiveness near
maximum 1ift coefflclent, end longlitudinal Instabllity
after maximum 1ift coefficlent was reached. The nature
of this stall is such thet the pllot mey lose control of
the airplene before being adequately warned. The actual
stalling chseracteristics for flap noutral are In falr
agrooment with those predlcted by an emslysls of the
spanwise section-lift-coeffliclent distribution (see appendix).
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The aenelysls indlcates thet the =tell at the full-scale
"Reynolds iiumber would be more severe -than--that -shown by
the model tests.

Upon the suggestion of the manufacturer, three
spollers of different vertical helghts were teasted on theo
model In en attempt to induce 1lnitial stall over the
Inboard penel at' high values of 1lift coefficlent. These
spollers were located on the }j0-percent chord line of the
win Ufper surface and extended from the fuselage to the
center line of the center nacelles, The vertical heights
of the spoilers were aepproximstely 0.22, 1.0, and
2,0 percent of the wing-root chord, Cpe The 0.22-percent

CR spoilef did not affect the original stell pattern.
The 1,0« and 2.0-percent ep spolilers csused & complete

. 8tall behind the spoiler throughout the lift range inves-
tigated. It was therefore concluded that, for this modsel,
these spoller arrengements were unsatisfactory.

In a further sttempt to produce better stelling
characteristlcs for the model, tests:.of a leasding-edge
spoller arrsngement were included in the investigation.
The sharp-nose, leadlng-edgs spoller wes locsted on the
model as shown in figurs 10. It was estimated that, for
thls position, the stegnation point would occur st the
sherp edge st zero lift. A similer arrsngement with the
sharp ‘edge located in such s marnsr &s to coincide with
the stagnation voint for Cp = 0.8 wes found to have

little effect on the stell »rogredsion. In an effort to
nminimize the effect of the spollzr on the drag of the model,
the sharp leading edge wss made to include an engle of

"90° with sides feired to the wing-section profile.

Diagrams of the stall progression with and without
the spollers and at comperable model configurations are
presented In figure 1l for two powser conditions. The
leading-edge spoller srrengement did not chsnge the stall
pattern at low 1lift coefficlents, but produced intermittent
stall at the root sections at higher 1lift coefficlents.
A comparison of the spoiler-off data of figure 11l with
- the data of figure 9(a) indicates that increasing the
thrust coefficient tends to clean up the stalled area at
the root.

The results of force tests made on the model with
propellers removed and with end without the leading-edge
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spoller are presented in figure 12. The spoiler decreased
the maximum 1ift coefficlent 0.12 end 0.0l for the normal
and laendling conditions, respectively, but increased the
drag coefficlent about 0.0020 below a 1lift coefficient of
0.8 for the normal condition. The statlc longitudinal
instebility after meximum 1ift coefficlent, indicated by
the pitching-moment curve of the model,wes not &8s severe
with the spollers on as with the spoilers off.

This spoller arrangement wes not consldered an
accepteble solution to the unsatisfactory stall of the
model inasmuch as the stsll progression was not improvéd.
In eddition, thé increassv in drag, with flaps retracted,
at moderate lift coefflcients and the loss in mazimum
11ft coefflclent with flaps retrsected end deflected were
deemed prohibitive.

Wing Wy, with full-span flaps.- The stall orogression

for this model configurstion is presentsd in figure 15(a).
The stall sterted at epnroximately the sane plnce as on
the orliginsl wing and grsduselly rrogresssd inbosrd. The
midchord slots apprarently retarded the stsll progression
outboard of the outboard nacelles dlthough the flow over
the allerons through most of the lift range was very rough.

Wing Wy, with nertial-spen, single-slotted fleos.-~

The sTall studles mede with this model configuration with
flaps deflected for teke-off and landing are presented in
figure 1%3(p). In generasl, the stall proizression was-
similar for both flap conditions. The rough flow over

the ailerons typical of the slotted penels was net effected
by the change in flap configurstion.

Wing W2, with partisl-spen, double-slotted flaps.=
The stall studles for this model conTIguration are shown
in figure 13(c). The flap neutral characteristics are
reproduced from figure 132(a). This configuration with
flaps deflected for lasnding may be worse then the other
flap configursetions Inssmuch as ‘the stell over the flaps
was decreessed, thereby decressing the chances for a stall
warning for the pilot. On the other hand, the stalled
alleron area at meximum 1l1ft wes slightly decressed. The
regions of rough flow over the allerons were not affected
by the change In flap configuratilon,
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w1ng Wz.~- The stalling characteristics of the NACA

arrengément are shown in figure 1. These pednels showed
some improvement over the original psnels for the flap~-
neutral condltion inesmuch as the center sections stalled
" befdére the allerons completely stbtalled. The stall over
the allerons was not delayed as much with these paenels as
with the slotted penels. With flaps deflected, the stall
over ‘the allerons was but slightly delayed by these pensals
" a8 compared with the original wing snd the stall over ‘the

fleps was eliminated by the acticn of the double slotted
Tlaps. i

The improvement in the flép-neutral stalling character-
istics predicted from the analysis presented in the eppehdix
was only partially realized In the ectuel case possibly
because of the break in the wing leadirig edge resulting
from sweeping forward the leading edge of the outboard
penels. As 1In the case of wing Wj, the anelysis Indicates
that the stall et the full-scele Reynolds number -would be-
more severe than thet shown by the model tests.

Alleron Characteristics

The 1lift end rolling-moment characteristics of the
model with the left alleron deflected were determined from
tests made st a Reynolds number of about l4,500,000 with
the model propellers -removed., The results. of these tests
were used to estimate the alleron rolling-effectlveness
of the alrplene in terms of the developed helix angle,
pb/2v. Th%segelix engle 1s estimated to be approximately

it/

Cy
P .
end taper ratlos of the wing plan.form. -The values of (;

for both wing plen forms were calculated from lifting-line
theory to which an edge-veloclty correction wes applied
(method similar to that used in reference 1l). These values
were determined to be 0.548 for W; end W, end 0.563
for Wz, The indicated airspecd was computed for the
normal gross -welght of 265,000 pounds, using the untrimmed
11ft coefficlent obtained wilith zero elevator deflection.

équal-to » Where Czp 1s dependent upon ths espect

Wing Wj.~ The alleron characteristics for the original

wing wIth the left alileron deflected over the range, ~20°
to 20°, ere presented in figure '15. The alleron rolling
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effectiveness, calculated in terms of the estimated helix
engle pb/2V for the sirplene in the normel end landing
configuratlion i1s shown in flgure 16. The requirement for
satisfactory alleron effectiveness, ' pb/2V = 0.07 at

110 percent of the stalling speed, prescribed in reference 2,
will probably not be met by the alrplane for any of the

flap configuretions tested. A value of bb/2V of 0.07

was obtalned at higher speeds with the model equipped with
the pertlal-spen, single-slotted flaps deflected for landing.
It can clearly be sesn that the outboard flaps were detri-
mental to the alileron effectiveness, partlcularly when the
alleron was deflected down. Near the stell, the rolling
moment due to the down alléron became negetive. Thils loss

In effectiveness results from the closs proximlty of the
down alleron sand the deflected flap as shown in figure 6(Db).
A value of pb/2V of only 0.031 was obtained et 110 percent
of the stelling speed with the full-spsn flaps deflected,
while a value of 0.052.wes obtained with the partlisl-span
fleps only. Both of theses velues wers low ss a result of

the tip stall experienced with this wing.

Wing W,.- The ailleron characterlstics for the model

with The slotted pansls ars presented in figure 17. These
results are presented for fleps neutral and for the three
types of flaps deflected for landing. Th2 left alleron

was deflected over the range =-25° to 20° for the condition
with the partiael-spen, double-slotted flaps and -20° to 20°
for the flaps nsutrsl, the full-spasn and the partial-spen,
single-slotted flaps, The estlmated helix angle for these
flap conditlions are presented in figure 18. The addition
of the mldchord slots did not appreclably lncrease the
elileron effectiveness et 110 percent of the gtalling speed
even though they did produce en lmprovement ln the stalling
cheracterlistics. The maln effect of the slots was to :
meinteln the rolling effectiveness to lower speads by
Increesing the maximum lift coefficlent: Thse slots, how-
ever, caused loss of sileron rolling effectiveness through-
out most of the climbing to high=-speed range end, with
flaps deflected, caused complete loss of effectiveness near
the stalling speed. A large improvement 1In rolling effec-
tiveness wes obtelned et low speeds by chenging the flap
configuration. from full-span to vartiel-span, thereby. .
elimineting the interference effects of the outboard flaps
on the flow over the sllerons. The rolling moment due to
the down alleron, howsver, stlll becsme negative near
maximum 1ift coefficient. ‘'An acceptable velue of pb/2V

of 0,07 wes sttalned et 110 percent of the stelling speed
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with differential alleron deflections of -25° and 20° for
the condition with partisl-span, double-slotted flaps. It
should be noted that it will be much more difficult to
balence the alleron at the -25° deflection then at the =20°
deflection because of the rapid, nonlinear increase in’
hinge-moment coefflcients in this range of alleron deflecs
tions. On the other hand, the =25° deflection may not be
necessary if the alleron grea 1s increased to provide
;satisfactory coritrol for the flap-neutral condition.

Wing Wz.- Flgures 19 and 20 present the elleron
characferIsEEds and -estimated hellx angle, respectively,
for the model equipped with the NACA outer panels. Wlth
the differential alleron deflection, the satisfactory
alleron rolling effectiveness requirements are met at
110 percent of the stalling.spsed and are exceeded for
higher speeds. This configuraetion, wilth its incressed
aileron areas, produced the greatest pb/2V value of any
of the configurstions tested. The alleron effectlveness,
furthermore, 1s malntalned beyond the stsell, a condition
which was not realizZed for elther the W; or W, configu-

ration. Agein, the alleron balance problem at the -25°
deflection is gquite lmportent, although in thils case, this
deflectlion may be decreased s few degrees without decreasing
the helix angle below 0.07. A comperison of the values

of pb/2v at a given indicated airspesd makes the suverior
alleron effectiveness of w5 still more apparent.

Lift, Drag, and Pltching-Moment Characteristilcs

The 1ift, drag, and pitching-moment characteristics
of the model with the several wing outer panels and flap
configurations were determined from tests made at a Reynolds
number of approximately l;,500,000. The stabllizer was set
at =7° to the wing-root chord end, with two exceptions in
which thie deflection was =-10° (figs. 23(b) and Zﬁ(b)), the
elevator was set at 0°. :

All of these tests were made with the revised horil-
zontal tall plene installed on the model.

Wing Wj.- Some tests were made with fixed transition .
to show the effect of surface roughness on drag and longil~
tudinel stebility. The trensition was fixed (fig. 21) at
11 percent of ths wing chord (approximate location of the
"front spar on the slirplemne). The 1lift, dreg, and.pitching-
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moment charscteristics are presented in figure 22. The
flxed trensition 1lncreased the maximum 1ift ccefficient,
inoreased the drag below a 1lift coefficient of 1.1, and

did not affect the pltching moment eppreclably. The longli-
tudinal Instaebllity at the stell associated with this model«
wing conflguration with full-span flaeps 1s apperent from

en examinetlion of the pltching-moment curves of figure 22.
This Inatabllity 1s less severe with the partilel-spen,
singls-slotted fleps and 1s not Indlcated with flaps
retracted.

Wing Wp.- The 1lift, drag, and piltching-moment
cheracterIstics for this model configuration are presented
in figure 23. The addition of the slots Increased the
maximum 11ft coefficilent for all three flep deflectionsa
testeds The longltudinal lnstebility at the stell hes
been reduced for the take-off end lending conflgurations.
The slots did not appreclaebly affect the trimmed 1i1ft .
coefficlent of the model with elevator neutral,

The characteristics of the model with the partial-
spen, double-slotted flaps deflected for lsnding end with
the elevator set et 0° and ~10° are presented in figure 23(b).
This flap configuration produced a still greater meximum
1l1ft than was obtalned with the other flap conflgurations.
The large chenge in trim 1lift coefflclent experlenced by
the model when the double-slotted flaps were deflected,
however, would probably cesuse an undeslirable control con-
dltion. Thils situation probably resulted from the increased
downwash over the horizontal tall surfaces caussed by the
high céoncentration of 1lift at the wlng center section when
the double-slotted fleps were deflacted.

Wing Wx. - The results of tests made on the model to

determIne the aserodynamic charscteristics of the NACA penels
with partial-span, slngle- and doubls-slotted flaps are
presented in figure 2. With the partisl-spen, single-
slotted flaps deflected for lsnding, the NACA panels pro-
duced a lower velue of maximum 1lift coefflclent than the
W1 end Wp configuratlions. The landing speed of W3
would, however, be the same as Wy 1f no chenge in weight
wersa Involved because of the greater wing erea of Wz.
With flaps neutral end natural transition, the drag
characteristics of thls wlng sre essentially simllar to
that of the original end slotted wing psnels. The effect

of fixing the transition at 11 percent of the wing chord
for the flgps-retrascted condition waes, in genersgl, similar

w0,
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to that for fixed transition on the original penels. The
meximum 1lift coefflclent obtained wiih the partial-span,

" double~slotted flaps deflected for lending was lower for

this wing configuration then for the slotted penels.

In sn attempt to increase further the maximum 1l1ft,
full and modified seals between the flsps and nacelles
were added as shown in figure 25. The seals showed & loss
%n maxim?m 1ift coefficlent rather then.en improvenent

fig. 26

Static longltudinal instabllity after the stall was
equally present for. the Wz as Tor the W, configuration,

but was not as severe'as for the W3 conflguration.

Model Conflguration for Purther Tests

At the completion of ths tests dezcrlbed herein, the
manufacturer decided to incorporate, in the design of the
first eirplane, the configuration with the slotted panels
and the partlial-spsen, single-slotted fleps (the slots in
the panels are intended to be closed when the flaps sre
retracted). This declislion weas :mads on the basis of the
results of the tests and from s consideration of the
problems Iinvolved in the: production of the alrplens.

The configurestion selected has about the least unsetlis-
factory stalling progression of any tested. The elimi-
ngtion of the outboard flep materislly improved ths alleron
effectiveness., Some sacrifice In maximum 1ift coefficlent
1s involved in this selection since an incresse in meximum
1ift coefficlent could be realized 1f the double-slotted
flep configuretion hed been selscted.

On the basis of the manufactursrts declsion, the
conflguration selected was used for further tests 1n the
Langley 19-foot pressure tunnel to determine the lateral
:nd longitudinal stability end control characteristics of

he model.

CONCLUSIONS

The following concluslions are indicatsd by tests of

a Iﬁrscale model of the XB-36 airplsme with seversal wing
and flep configurations:
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l. The stalling progressions of all configuratlions
tested are considered to be unsatlafectory. The stall of
the original configuration origlnates at the outboard
nacelles end progresses graduelly outboard enveloping the
tips before the inboerd-section stalls, The slotted panels
are more effectlve than the NACA penels In delaylng the
stall over the allerons. Thils delay sllows the stall to
move Inboard, except for the conflguration with the double-
slotted flaps deflected where the action of the flaps cleans
up the stall over the center secpfions. Althcugh the slotted
parels retard the stall over the ailsrons, there remsains
a considerable smount of rough flow behind the slots.

2. It 1s estimated that about 86 percent of the
required value of pb/2v (0.07) cen bs obtained at 110
percent of the stelling speed, with the original confilgu-
ration with flaps nsutral. When the full-span [leps are
deflected, a serlous loss in rolling effectiveness 1s
experlenced. The addition of the midchord slots in the
outboard panelsdoes not spprecisbly increase the elleron
effectiveness at 110 percent of the stelling speed even
though the stall over the outboard panels 1s delsyed. At
speeds higher then 110 percent of the stelling spesd, the
slots lower the alleron effectiveness, except for the
condition of full-span fleps deflected. A large increase
In effectiveness, et 110 percent of the stalling speed, 1s
resllized when the flep conflguration is changed from full
spen to partiel span. With differentiel deflection, =-25°
end 20°, of the allerons, 1t 1s ostimeted thet o value of
pb/2V equal to 0.07 can be obteined with the condition
of partiesl-span, double-slotted flaps deflected and slots
open in the outbosrd panels. With the NACA outboard penels,
which have greater alleron eres, the reoqulred values of
pb/2V equeal to 0.07 1s exceeded with differentiel aileron
deflection, =-25° and 20°, for both the conditions of flaps
neutral end with partisl-span, double-slotted fleps deflected
for landing.

3« The grestest meximum 1ift coefflclent 1s obtalned
with the confilgursestions incorporating the slotted penels.
The partlal-spen, double-slotted fleps produce a greater
Increment of meximum 1lift coefficient than aither the full=-
span or the single-slotted flep arrengement. There 1s
little difference betwsesen the meximum 1llft coefficient
obtalned with the original penels end that obtalned with
the NACA psnels. The edditlion of flap-nacslle seals slightly
decreases the maximum 11ift coeffilclant for W;.




MR No. I5B23 17

. 4. .The longitudinal instebility at ths stall
experienced with flaeps deflected on the oiriginal wing was
not as severe for either the slotted or the NACA psenels.
The partisl-span, double-slotted flaps cause a much greater
change In trim then elther the full-spen or the single-
slaotted flap configuration.

Langley Memorisl Aeronsutical Laboratofy
Netional Advisory Committee for Aeronhautlcs
Lengley Field, Va., February 23, 1945
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APPENDIX

THEORETICAL ANALYSES FOR WINGS, W, AND W3

The enalyses for wings W) and Wz were made for only

the flap-neutral condition because of the inadequacy of
such ansalyses for flap~deflected condltlons. The effects
of fuselasge, nacelles, ducts, and the sweepback of the
wings could not be taken into sccount in the method used
for analysis. It was realized that sweepback might have

en adverse effect on the stalling cheracterlistics but any
improvement galned by altering the wing design should be
epparent whether or not the effect of sweepback is Included
in the analyses.

The method of analysls 1s that described 1n reference 3,
Thls method conslsts essentially of determlining the point
et which the curvs of the spanwise dlstributlon of the
section lift coefficlent becomes tangent to the curve of
the spanwisa varlation of the meximum 11ft coefflclent of
each section (see figs. 27 end 28). The spanwise locatlon
of the point of tangency represents the polnt at which
stelling i1s expected to begin. The margin between the
two curves 1s an lndlicstlion of the mannar in which the
stall will progress. To avold tip stelling, 1t 1s recom-
mended 1n reference l that there should be a margin of at
leasat o©3 = 0.1 at 0.70 of the semlspan. The valus of the
wing 1lift coefflclent requlred to make the curves tengent
1s the theoretical maximum 11ft coefflclunt obtelnable.
The meximum 1ift coefficient of each section was obtained
from section dsta for ths particular Reynolds numbar and
thickness of each section. The section 1lift coefficlent
was slso obtained from section data by means of the method
of computlng the spen-load dlistributlien described in
reference 5., Thls method uses actual sectlon data instead
of assuming stralght-line 1lift curves.

The results of the enalysls for wing W; 1s shown

in figure 27. For the model Rsynolds number of 5,500,000,
the curves Indicate that the stall would start from about
0+.35 to 0,65 of the semispan end, because of the small
margin at 0.70 of the semlispan, would spread rapldly toward
the tip. For the full-scale Reynolds number of 22,000,000
based upon s speed of sbout 100 miles per hour, the curves
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indicate thaet the stall would staert at about 0.90 of the
semlspan,. "~ Thése snalyses indicate that the stalling
characteristics of the model as observed in the tumnel
would be unsatlafactory even though the stall would start
further Inboard than on the full-scale ealrplane- due to
the difference in Reynolds number. The effects of the
Jet boundsry on the model stslling characteristics were
computed and found to be negliglble.

The desaign of winé Wz was influenced by a number

of factors. Although it was realized that the greatest
improvement 1n stalling characteristics would result from
a redesign of the entire wing, practical considerations
limlted the design to the wing panel outboard of a station
approximately 62 perceént of the semisnan. This station

1s outboard of the outboard nacelle and approximates the
line of detachment of the outboard wing penels on both the
model and the full-scale eirplane, In order to minimize
any increaese in drag for the new wing panels, the use of
fixed slots was not conslidered, although such use mignht
improve the stalling characteristics. The tip chord was
increased by 50 percent to decrease the tapner ratlo. Thils
Increase was distributed on each side of the original plan
form in such a menner as to kesp the locatlon of the sero-
dynamic center of the wing the seme 8s thst of ths original
wing. In order to increase the arximum 1lift coefficient
obtainable at the tip and thc engls of atteck for this
1lift coefflcient, the tip airfoil section was changed from
an NACA 63(420)-517 sectlon to an NACA 65(315)-517 section.
As a furthser prevention sgsinst tip stelllhg, the washout
was lncreased to 3° at approximately the 75-percent soml-
sgan station (location of outboard end of aileron tab) and
h at the tip. Thlis increase ln washout was obtalned by
twisting the wing penel about the aileron hinge line.

The results of the analysis for wing W is shown
in figure 28. For the model Reynolds number”of L,700,000,
the curves Iindlcate that the stall would astart from 0.30
to 0.50 of the semispan end would be more setisfactory
than that of W, since it would not tend to spread to

the tip. For the full-scale Reynolds number, the curves
indicate that the stall would start abhout o.éo of the
semispan. Agseln, the Reynolds number effect maekes the
stalling characteristics of the model somewhat optimistic
compared to those of the full-scele alrplane.
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The analyses for the two wings (W1 and W3) Indicate
that the staelling cherscteristlics of Wx wlll be better
than those of Wj. The stall will probsbly start further

inboerd and not spreed ocutboard as fest. Any effect due
to sweepback would also fevopr W3 since the sweepback of

o
the outboerd panel is reduced about 2% - The improvement

in stelling characteristics 1s obtalned at sn expense of

only about El-percent increasse in Induced draegz for a-

oruising condition of 288 miles per hour at 30,000 feet
altitude snd a gross welght of 265,000 pounds.

No enalysis for wing W, could be made because of
the lack of two-dimensionsel data appliceble to this wing.
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TABLE III
LIST OPF PIGURES
Flgure No. ~° 7 Type ‘of Pressntation =" Model Wing Remarks
1 3-view of the model w1 Drawing
2 Details of midchord slot L Do
3(a) & 3(b) Close up of midehord slot w2 Photograph
In Rigging diagram and physical characteristics Wy, W2, & W3 Drawing
of the wing planforms
5(a) Detalls of flap and alleron arrangement W & Wy Do
5(b) m—ememe—eoana ~=Do=-~ W3 Do
6(a} & 6(b) Flap positions tested W, w2, ¥ W3 Do
7 Comparison of aealed sllerons ELEELY. CEEERTY Do
8 Model set-up in test section L2 Photograph
9(a) Stalling characterlstics W Normal fllight and lmding condi-
tions; T = 0; R= 2,500,000
9{(b) -Do-- vy Normal flight condition; prop-
ellers removed; R# 5,500,000
10 Leading-edge spoller installation Wy Drawing
1l{a) Stalllng churacteristics Wy Normal flight condlition; rated
powex-, apoilers off and on;
R % 2,500,000
11(b) Wy Landlng condition; l0-percent
rated power; spoilera on and
off; RZ 2,500,000
12(a) Asrodyhamic characterlstlcs of the model Wy Cp, &, c?, cL normal flight
with leading-edge spollera condition; R 22,500
12({b) By DO~rmmmmmrmmemm—a -————- L2 Cp, @, Cm, v8 Cpj landing condi-
tlon_; R= 2, ,000
13(a) Stalling characteristicsj full-span flaps LF Normal flight, take-off, and land-
ing conditions; propellers off;
R = 1,500,000
13(p) Stalling characterlstics; partlal-span, LA Take-off and landing condltions;
single-slotted flaps propellers off; R= l,500,000
13(c) Stalling characteristics; partial-apan, w5 Normsl flight, and land-
double-slotted flaps ing condlitions; propsllers ofy;
R=% 1,500,000
1 Stalling characteristice LY Do
15(a) Alleron characteristlics wl c,., Cr» v: a; normal flight condi-
tion; » 500,000
15(b) Alleron characteristics; full-span, single- LY C,’, vs a. 1nnd1ng condlition;
slotted flaps 1'+
15(c} Alleron characteristice; partial-span, 3 Do
single-slotted flaps
16 Eatimated helix angle " PY ys vy; normal flight and
2V 1gnd ng condl tions
17(a) Alleron characteristics W Cy, Cr, vs a; nomnl rlight condi-
tlon; R =, 500,00
17(0) Alleron cheracteristics; full-span, single- wo c,, Ci, vs a; landing conditlon;
slotted flaps =,,500,000
17(c) Alleron characteristles; partlal-span, w5 Do
slngle-slotted flaps
17(d8) Alleron characteristlics; partlel-apan, wz Do
double~slotted flaps
18 Esatimated helix angle W E® v v,; normal flight and
2V lanaing conditions
15(a) Alleron characteristica w5 Cys Cp» vs a; normal flight condi-
t1ok; R== 4,500,000
16(v}) Alleron characteristica; partialespan, wi cl, CL vs u., landlns condition;
double-slotted flaps ~F, 500,00
20 Estimated hellx angle 'N5 ED va V normal flight and
2v 1anding conditions
. NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
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TABLE III (Concluded)

NATIONAL ADVISORY

CONFIDENTIAL COMMITTEE FOR AERONAUTICS
®igure No. TyYpe of FPresentation Nodel Wing Remaris
21(a) & 21(d) Detalls of trinsition atripa’ W Faotograph
22 (a) Aerocdynsmic characteristics; full- and " Cp, a, , va Cp; normal flight,
partial-span; single~slotted flaps : take~off, and landing condi-
tiona; R= l,500,000
22 (b) Aer¥odynamic characteristicsa; full-span, '1 D» cﬂ s Op; normal flight
single-slotted flapa; fixed transitlon lnd l];- ding conditiom'
500,0
2% (a) Asrodynamic characteristics; full-span w, Cp, a, c?, vs Cp; normal flight,
) and partial-apan, single-slotted flaps take-off, and landing condi-
tions} R~h,500 000
23.(b) Asrodynamic charsacteriastica; partial-span, w5 Cpy @5 Cy» ve Cr,; normal flight
double-alotted flaps - and lmding cénditions;
b = 0° and -10°; R”f;, 500,000
2k (a) Aerodynamic characteriatics; partial-apan, l} Cpy @, Cms VS Cy; normal flight,
single-slotted flaps N take- orf lnd landing corndl-
tions; R= L, 500,000
2}, (o) Asrodynamic characteristics; partial-apan, L2 D, G, Cpy, V8 normal flight
double-slotted flaps; natural and flxed and landing c&nditionl,
transition 6o = 0° and -10°; R=2 i, 500,000
25(a) & 25(b) Details of flap-nacelle seals l} Photograph
26 Asrodynamic characteristicas; full- and '3 Cp, @, Cm» V8 C landing condi-
modified- flap-nacelle ssals tion; R=2), 5&0,000
27 Spanwise sectlion-lift-coefficient distribu- L4 Cy va y; normal flight condition
tion
28 | eeseaes D DO~====men mmmmmem oo - LY Do
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TABLE IV - SUMMARY OF RESULTS AT R & L, 500,000

NATIONAL ADYISORY
COMMITTEE FOR AEROMAUTICS.

Flap deflection e at o, at [ BB at 1.1v,
Model ; {dog) c L 2o D |2y 23 | rigure
configuration Wing Loax {lmax {m = - = P = No.
8y [P [°fa * 1 Qem) o, =0fc, = 0-8ff = +20T6a= o
% w, 0 0 <=~ | 1.23 }19.0 J1.c1 {0.026 {0.040 | ---~ [0.C60 |15(s),16,
% " 20 50 | ~-- [1.75 }13.2 | 2.08 | «com | 098 | =ae- | ---- | 22(m)
@ w Lo 50 | -=- [1.99 {:1.5 | 1.37 | =--- | =~== | --== | .031 [15(Db),16,
& 22(a)
J " bo § --- | --~ 11.95 118.4 1.5k | .202 | .108 | ---- }.051 {15(c),16,
& 22(n)
Wo 0 0 --- [1.38 {18.1 |1.cH 030 043 | ae-- 062 [17(s),18,
& 23(a)
Wy 20 50 --~ f1.86 [16.¢ {1.10 [---- | 099 [---- |---- | 23(a)
Wy Lo 50 | «-= {2.22 J14.6 {1.38 | -eee | =-== [---- |.039 R7(b),18,
& 25(a)
W Lo ——- ~--- {2.04 [15.6 {1.50 | .105 | .113 |---~ }.C53 H7(c),18,
& 23(=)
Wy --- --- 50 2.2 §15.7 }1.89 ---- [ ===~ |0.070 | .C63 N7(d)},18,
& 23(b)
w . - [ 1.35 }21.1 }1.0 P T .076 {.069 R9(w),20,
3 > ’ & 2h(s)
*1.40 *1.11 |*.028 |[".ch2
Wz 20 - === [1.63 {16.3 1.4 O SN RV R 2h(a)
1469 A.el %06k | %073
"z 4o § - --- 31,828 116.€ }1.70 | o= ] ccol} -me- ]| ---- | 2W(0)
1.95 M.75] === |*1s
L . an- 50 }2.10 |16.8 {1.88 ===~ 1 ==== | .076 | .063 |BH(b)},20,
& 2l (o)
"2.18% LP ) U P SRS I I

®Cosfficlents based

on area of ¥y
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NACA
LMAL 39073

(a) Wing upper surface.

NACA
LMAL 39076

(b) Wing lower surface.

Figure 3.- Midchord slot; I]:'l--scale model of the XB-36 airplane,
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(a) Top view.

NACA LMAL 38939

(b) Side view.

Figure 21.- Transition strip; Illz-scale model of the XB-36 airplane.
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NACA
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(a) Full seal.

NACA
LMAL 39022

(b) Modified seal.

Figure 25.- Flap-nacelle seals; i—-scale model of the XB-36 airplane.
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